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THE NOISE PRIMER 

PART XII 

ANALYSIS OF VIBRATION 

• THE VIBRATION METER meas¬ 
ures the displacement, velocity, or accelera¬ 
tion of a vibration in terms of the r-m-s 
value of the waveform. I nless the wave¬ 
form is substantially sinusoidal, however, the vibration meter by itself 
gives little information about the frequencies involved.** An analyzer, 
therefore, is desirable and in many cases a necessity. As with noise,the 
analysis of vibration provides clues to the sources of the various com¬ 
ponents and information necessary in the suppression of the vibration. 

The general discussion of analysis and the classification of noises 
contained in Part VI (April Experimenter) applies equally well to 
vibration and need not be repeated here. Vibration, like noise, may be 
classified into two types — Class 1, or pitched, which consists mainly 
of harmonics or subharmonics of a fundamental frequency, all of which 

"For *inu»oidal vibration*, a measure of the frequency may be obtained by taking reading* of di*|dacr> 
ment and velocity. Aa ahoww in Equation* (5) and (6), the frequency will be: / “ Displacement (a) 

and velocity (r) reading* are better for thi* aort of frequency nira.nrrmenl than acceleration reading., 
miice they are lev* affected lii any harmonic* that may lie |H-c.cnl in llie waveform. 

Figure 25. The Type 762-A Vibration Analyzer was designed particularly for 
use with the Type 761-A Vibration Meter. 
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will vary in frequency by the same |K*r- 
eentage that the machine s|**ed varies: 
ami (Hass 2, or unpitclied. which an* 
caused by slitH-k excitation and «K*eur 
over bands of frequencies. 

Analyzer Characteristics 

The degenerative analyzer circuit as 
used in the Type 760-A Sound Analyzer 
(see Part Y'l) is even better suited to 
vibration problems, since its circuit is 
natiirullv adapted for use at very low 
frequencies. This type of analyzer does 
not require any inductances or trans¬ 
formers in its construction. Hence it is 
free from the usual difficulties encoun¬ 
tered when iron cores are used at low 
frequencies with attendant distortion 
and pickup. For use in the frequency 
range above 25 cycles, the standard 
Type 760-A Sound Analyzer is satis¬ 
factory. For vibration problems in¬ 
volving lower frequencies, a s|>eriul 
instrument has l>een developed. 

The Type 7 6 2 - A Vibration 
Analyzer 

The Type 762-A Vibration Analyzer 13 
covers the frequency range from 2.5 to 

PART 

HOW TO USE THE V 
Relative Readings 

All batteries for operating the vibra¬ 
tion analyzer an* contained within the 
case. Push buttons and a neon lamp on 
the panel indicate when the batteries 
should Ik* replaced. The instructions 
mounted in the cover of the instrument 
should Ik* followed. 

Tuning is accomplished by the large 
knob and the push button range switch. 
The calibration is direct reading in 
cycles per second and may Ik* converted 
to rpm by multiplying by 60. 

Copyright, 1913, (ifui rhl HhiIio Cui 


750 cycles per second (150 to 45,000 
rpm), but otherwise is similar to the 
sound analyzer. The meter scale on the 
vibration analyzer is calibrated in linear 
units for reading displacement, velocity, 
ami acceleration directly in terms of 
micro-inches, micro-inches |K*r second, 
and inches |K*r second |K*r second, re¬ 
spectively, rather than decibels, thus 
matching that on the Type 761-A Vibra¬ 
tion Meter. The selectivity characteris¬ 
tics are shown in Figure 26. It will be 
noted that the selectivity curve main¬ 
tains the inqiortant constant shape in 
terms of jiercentagc of the resonant 
frequency over the entire range, while 
ojK*ration of a conventional heterodyne 
analyzer in the low-frequency range 
liecomes completely impractical. The 
degenerative circuit, so far as is known 
at the present time, provides the most 
satisfactory means for obtaining high 
selectivity at subaudible frequencies. 

The general design features of the 
vibration analyzer are the same as for 
the sound analyzer. 

°Tliw nnalyerr min iirm-ril»r<l in "An Analywr for Sul»- 
Ainlililr Krcipirncie#” by II II. Sroti. Jiiiirniil of tlir Aron-- 
tiral Society of America, Vol. XIII. No, I, pugr* 360-368. 
April, 1948, 

XIII 

BRATI0N ANALYZER 

A cord is provided to connect the 
input of the analyzer to the output of 
the vibration meter. For relative read¬ 
ings, the 0-to-120 scale is most con¬ 
venient, and the sensitivity control on 
the vibration analyzer should be set so 
that for the strongest component of the 
vibration the reading is 100. This should 
Ik* done with the vibration meter so 
adjusted that a normal indication is 
obtained on the indieatiug meter of that 
instrument. 

ipiiuy. Cambridge, Mms , If, S A 



IET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (800) 899-8438 • FAX: (516) 334-5988 


3 


JULY,1943 


'File besl procedure for setting the 
sensitivity control of the analyzer is as 
follows: Press range button \ (2.5 to 7.5 
cycles) and turn the main analyzer dial 
slowly, noting the deflections of the 
meter on the analyzer. Repeat, covering 
the entire range of the instrument by 
successively pressing buttons R, (1, D, 
and E, and turning the dial around. The 
dial may he rotated continuously in one 
direction. 

During tills process the SENS1- 
TIVITY control on the analyzer should 
he turned down whenever a comjM>nent 
is found which deflects the meter above 
100, so that the meter reads 100 exactly. 
This sets the sensitivity such that the 
analyzer will read 100% on the strong¬ 
est component in the vibration. Do not 
change the setting of this control In fore the 
analysis is completed. 

The analyzer should then be tuned for 
maximum amplitude on each component 
(without resetting the sensitivity con¬ 
trol) and the results recorded directly in 
terms of frequency and percentage of 
the amplitude of the strongest compo¬ 
nent. The procedure is exactly the same 
as for the sound analyzer. Because of 
the natural slow response of highly selec¬ 
tive low-frequency circuits, a METER 
RETURN button is provided. When the 
o|»erator has tuned the analyzer away 


from a component, pressing this button 
w ill return the meter reading quickly to 
zero. 

Flic vacuum-tube voltmeter circuit 
included in the vibration analyzer pro¬ 
vides a semilogarithmic scale on the 
indicating meter, so that the entire 
usable range of the instrument may he 
obtained without additional multipliers, 
etc. I’he controls of the vibration meter 
and the SENSITIVITY control of the 
vibration analyzer should not be re¬ 
adjusted during the analysis. 

'Flic analyzer is equipped with an out¬ 
put jack for oj>erating a pair of phones 
which may be used for listening to the 
component lieing measured, if it is of 
audible frequency. 34 

Absolute Readings 

For most purposes, relative readings 
are suflicient, but absolute readings may 
also be made with the vibration analyzer 
if desired. For absolute readings, the 
calibration procedure is as follows: 
Connect the vibration meter to the 60- 
cycle line as when adjusting its cali¬ 
bration. Connect the analyzer to the 
vibration meter in the normal manner. 
Depress the button marked CALI- 

, 4 Ih*r.ni*c of the i-v-o rharaclrruilit'/i ofllir vaeuiim-tnl»r 
»oil mrtrr circuit, the output applied to the phone* i« not a 
pure sinusoid, lienor mme output may lie heard at very low 
frcqucncie* which would m»rtitally he inaudible. 


Figcrk 26. Selectivity 
characteristics of the 
Type 762-A Vibration 
Analyzer an compared 
with a typical (Type 
736-A) heterodyne type 
of wave analyzer. Of ut¬ 
most importance is the 
selectivity curve of the 
vibration analyzer, which 
maintains a satisfactory 
width and sha|H* at both 
low anti high vibration 
frequencies. 
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It It \TE I on tlie viliralion inclcr ami 
1 11ii«* llu* analyzer lo maximum response 
at the |K)Wcr-line frecpicncy. \«ljn^i tin* 
analyzer sennilivity control so that Un- 
meter on the analyzer reails the same as 
the one on the vibration meter. 3 ’ It is 
desirable to mark this calibration point 
on the sensitivity dial of the analyzer 
with a jH-neil so that it can he returned 
to if the control is accidentally shifted. 
The control should In* left at this |M>inl 
and not readjusted during: an analysis. 

After the analyzer sensitivity is set. 
the vibration meter should be discon¬ 
nected from the power line and adjusted 
for normal reading on the vibration to 
he analyzed. The analyzer may then he 
tuned to the \ arious components of the 
vibration, the meter of the analyzer 
lieing read in exactly the same way as 
the meter of the vibration meter, using 
the readings of the METER SCALE 
knob and the multiplier factors of the 
push buttons on tla* vibration meter. 

The METER SCALE knob on the vi- 
bration analyzer also should not he 
readjusted, hut should In* left at the 
setting which gives a deflection on the 
upper part of the meter scale on that 
instrument. 

The red scale on the analyzer should 
lie used when the METER SCALE 
knob of the vibration meter is set at a 
red jioint and the blaek scale when the 
knob is set at an uncolored point. The 

i >h litiralion iiwlvucrt the rrd ami 

Mark wale* track I lie- Mini «► on the %iliratKM meter. Oil 
curlier model? I Ik- wulc* are .liglnK ili»|il»rd. NX itli ilirw 
unulytm two |m notion* of tlir armdtivit) control tdioidd be 
determined, one for the red wale ami one for llie Mark, if 
muvirmiiii |iomilile accuracy in dnnraMr. Otherwise Hit 
mcragt netting in aatinfaclor). 

FlCtRE 27. Typical analyses of machinery \i- 
bration. show tug (top) displacement, (center 
velocity, anti (IhiIIoiii acceleration measure¬ 
ments a.- made on a single maeltine tinder tin* 
same conditions. These illustrate the com¬ 
plexity of the viltrations which can In- analy zed 
with the \ihratiou analyzer, alsti the difference* 
in the iui|»nrtancc of the \ arious coiti|H»uents in 
measurements of displacement, velocity, and 
aeeeleration. 







IET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (800) 899-8438 • FAX: (516) 334-5988 


















































































































































































































































































b 


JULY, 1943 


analysis will llicn Ik* in terms of the 
>amr absolute values as tlie vibration 
meter reading** and the same multiply¬ 
ing far tors will apply. 

Displacement, Velocity, and 
Acceleration 

The analysis w ill In* made in terms of 
displacement, velocity, or acceleration. 
dc|>ciiding upon the selling of the vibra¬ 
tion meter. Choice among these different 
characteristics should he based upon the 
same considerations as when measuring 
vibration, as described in Part \l. 

Figure 27 shows typical machinery 
vibration analyses as made with the 
Type 76J-A Vibration Meter and the 
Type 762-A Vibration Analy zer for (a) 
displacement, (b) velocity, and (c) 
acceleration. The change in the relative 
amplitudes of the \arious components 
for the different I\|h*s of measurements 
will Ik* noted. 

“Referring «•» Voir- 2'm (June t»Mie), which give** Krnrr.il 
n|iMi ihii. fur (J1 n«k I i|»itrl»e«l) vibrminnn, llir remling* nf 
I |»r .iiiulvicrr nil .li-|.lti.r llir III will ciirrra|Minil |u 

III , . I I , 

_ ft.' f . fir., nn vrliinljr to _4in.li, Zori.i*. 

i2 V 2 s 2 v2 

..Iwi tu rlr.. .mil (ill 4.«rlrruliun |u _4*Vli. —“ Iw 2 ! I:. 

\ 2 v 2 \ 2 

—1 1 , rlr. The rurrr»| winding loul level* indie* ted b) 

*L 2 

llir vibmlMU) meler are given in Nnlr 2Sh. In general. llir 
rqiMlium f*»r Qih 2 Hiniiitrhed' libnilimn will In* llir 
.■iiiir, rxrenling llml llir ei»ni|MMWtnt» are not neceaagril) 
li.irninidrally related. 


The use of the 'Type 702- \ \ ihratiou 
\nalyzer is not limited to the analysis of 
the output of the Type 701-V Vibration 
Meter. It can he used with any vibration 
meter for measuring cither linear or tor¬ 
sional vibrations. 

* * * 

This is the etui of Tlir Xoise I'rimer. 
II hrther it has brrn ton long or tint short, 
too lin imical or ton popular arc matters ire 
arc not in o /position to judge. It is Im/ml 
at some future date to re/print the scries, 
with whatever nupdificatian* mov /prore de¬ 
sirable, in the form of a hinpldct to sunisil 
llulletins 20 and .VI {"The Technique of 
\ipise Measurement ** and "The Technique 
of \oise I nolysis " respiTtively). 

If you Imre nn v suggestions concerning 
such a bfpoklet , /dense write to us. 11 so. ire 
shall l*> glad to answer any other questions 
in regard to the measurement or analysis 
of noise anil vibration ♦ so far ns u'c are 
aide. II e do not ran a consulting service, 
neither is it our intention to write a text - 
lnpolk. II e are. hmeerer. anxious to provide 
the hest information /possible to users of 
our equipment in order that they may se¬ 
cure a maximum benefit from its use. ) our 
suggestions, therefore, are very important. 

If. II. Scott 


4 0 0- CYCLE OPERATION OF 6 0 CYCLE 
INSTRUMENTS 


• THE FLIGHT TESTING of air- 

planes often involves a variety of elec¬ 
trical measurements, many of which are 
not easily handled by an automatic radio 
recording system. Many standard labo¬ 
ratory measuring instruments, designed 
for 60-cycle power supply, can he used 
directly on the 100-cycle supply avail¬ 


able in planes. In particular, instruments 
whose voltage regulating systems are 
not frequency sensitive, and in which 
slight increases in background hum are 
not serious, may give quite satisfactory 
|>erformance. 

\ number of General Radio instru¬ 
ments have recently been tested oil the 
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500-cycle power supply available in our 
laboratories. The results of these tests 
arc listed below. 

Type 631 -B Strobotac 

The operation of ibis instrument was 
normal in all respects. However, since 
the reed provided for checking the cali¬ 
bration is tuned to 60 cycles, it could 
not be used at the higher frequency. This 
should not l»e a serious drawback, lie- 
cause the periods of operation at 400 
cycles would presumably lie short, and 
the instrument could lie standardized 
al^OO^cycles before and after the test 
flight. 

Type 804’B UHF Signal Generator 

The performance obtained was quite 
satisfactory, although appreciable power 
supply hum appeared at the r-f output 
terminals. With the generator unmodu¬ 
lated, however, this should Ik* of no con¬ 
sequence. 


Type 6 2 0 - A Heterodyne Fre¬ 
quency Meter and Calibrator 

Except for a noticeable hum in the 
audio-frequency output, operation was 
quite satisfactory. The only effect of the 
increased hum is to reduce the effective 
sensitivity so that very weak beat tones 
are not as easily detected. 

Type 7 0 0 - A Beat-Frequency 
Oscillator 

The operation of this instrument was 
normal, with a barely audible hum in 
the head telephones connected to the 
output terminals. 

Type 7 3 6 - A Wave Analyzer 
and Type 8 34 B 
Electronic Frequency Meter 

Neither of these instruments could Ik* 
made to operate properly. They cannot 
be used at frequencies of the order of 400 ^ 

or 500 cycles with their present power 
supply. 


INSTRUMENTS DISC ONTINUED 
SINCE THE PUBLICATION OF CATALOG K — 

1939 EDITION 


• SINCE THE PUBLICATION OF 
CATALOG K, 1030 edition, the items 
in the following list have l>een discon¬ 
tinued in order that we might use our 
facilities more efficiently for the produc¬ 
tion of items urgently needed for the war 
effort. Some of these are small items for 
w hich no appreciable w ar demand exists. 
Others have been made obsolete by ad¬ 
vances in the art. Also included are 


instruments for which satisfactory sub¬ 
stitutes can be obtained from other 
manufacturers. 


Type 

Description 

25-A 

Frequency Monitor 

70 

Variacs 

80 

Variacs 

90-B 

Variac 

J38-A 

Hiiulin^ 1 Wl 

138-D 

Switch Contact 
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Type Description 


154 

Voltage Diriders 

202-A.-B 

Switch 

202-Y,-2 

Switch Knob 

219-1.,-N 

Decade (lomlniww 

246 

Variable Air Condensers 

247 

Variable Air < Condensers 

274-K,*L 

Binding Post Assembly 

274-ML 

Double Plug 

293-A 

Universal Bridge 

32*) -J 

Attenuation Bov 

333-A 

Kheo-tat Potentiometer 

334 

Variable Air Condensers 

335 

Variable Air Condensers* 

358 

Wavemeter 

410-A 

Rheostat Potentiometer?* 

419-A 

Kectilier-Type Wavemeter 
(replaced by Typk 758-A) 

433-A 

Rheostat-Potentiometer 

434-B 

Audio Frequency Meter 

449-A 

Adjustable Attenuator 

476-A 

Quartz Bar 

480-A, B 

Relay Racks 

493 

Thermocouples 

505-T, li, R, X 

Mica Condensers 

509-F.G, K. L 

Standard Condensers 

S16-47 

516-P2, P3,1*4. 

Radio-Frequency Bridge 
(replaced by Typk 916-A 
and Type 821-A) 

1*5.1*6,1*7,1*10 

Accessories 

525 

Resistors 

526 

Mounted Rln'ostat Poten¬ 
tiometers 

530-C 

Hand-Pass Filter 

533-A 

Rheostat Potentiometer 

539-1*, X 

Variable Air Condenser 

544-1*2 

A-C Power Supply, 90 volt* 

574 

578-Alt, Bit, Clt, 

W avemeter (replaced by 
Type 566-A) 

AT. BT,CT 

Shielded Transformer 

586 

Power-Level Indicators 

588-AM 

Direct-Current Meter 

602-E 

Decade Resistance Bov 

611-C 

Syncro Clock 

613-B 

Beat-Frequency Oscillator 
(replaced by TYPE 913-A) 

613-1*1 

A-C Power Supply 

620-A M 

Heterodyne Frequency 
Meter and Calibrator. 
Cabinet Model (the 
relay-rack model. Type 
620-AR, is still available) 


Type Description 


625-A 

Bridge 

625-PI 

Condenser 

641 

Audio Transformer* 

612-D 

Volume Control 

646-A 

logarithmic Resistor 

653 

Volume Controls 

664-A 

Thermocouple 

666-A 

Variable Transformer 

(»69-A, K 

Compensated Slide Wire 


Resistor 

670-BW. F\\ 

Compensated Decade Re¬ 


sistor 

672-A 

Power Supply 

673-A 

Power Supply 

677 

Coil Forms 

678 

Coil Bases 

682-B 

Frequency Deviation Meter 

684-A 

Modulated < Mediator 

686-A 

Power Level Indicator 

707-A 

Cathode-Ray Null Detector 

707-P 

Accessories 

713-BM, HR 

Beat-Frequency Oscillator 


(replaced by Type 913-A) 

714-A 

Amplifier 

716-P2 

Guard Circuit 

721-A 

Coil Comparator 

722-FU 

Precision Condenser 

731- A 

Modulation Monitor 

732-B 

Distortion and Noise Meter 

733-A 

(Iseillator 

739-A, B 

logarithmic Condenser 

741 

Audio Transformers 

755-A 

Condenser 

759-P2 1 

Fxtcnsion Cable and Tripod 

769-A 

Square-Wave Generator 

774-RI. R2 

Patch Cords 

813-B 

Oscillator. 400 cycles (the 


1000-cycle model is still 


available) 

H15-C 

100-cycle Precision Fork 


Mill available on special 
order) 


Not included in the above are rede¬ 
signed instruments for which only the 
type letter was changed, keeping the 
same type number as. for instance, the 
replacement of Type 7 16- A (lapacitance 
Bridge by Type 716-B. 
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REACTANCE CHART NOW AVAILABLE IN 
8V2 x 11 SIZE 


• A NUMBER OF “EXPERI¬ 
MENTER" readers have recently re¬ 
quested copies of tin? General Radio re¬ 
actance chart suitable for laboratory 
notebook use. We an* glad to announee 
that these are now available with 
standard 3-hole punching for binding in 
an tt}*2 x I I-inch ring binder. \ ropy will 
be sent on request. 'The larger size for 
wall mounting is also still available. 


REACTANCE CHART 




•THOUSANDS OF GENERAL 
RADIO SIGNAL GENERATORS 

are working overtime in plants manu¬ 
facturing military radio equipment. In 
some plants, we are informed, generators 
have t>een operating for months without 
lieing turned off. 

'Ibis photograph, published through 
the courtesy of FM Magazine, shows 
Signal Corps inspector E. P. Mayer 
testing receivers with a Typb (>05-11 
Standard-Signal Generator in a final bi¬ 
section cage at the Ilaminarlund Man- 
11 fact tiring (lompany. 


GENERAL RADIO COMPANY 
30 STATE STREET - CAMBRIDGE 39, MASSACHUSETTS 
BRANCH ENGINEERING OFFICES 
90 WEST STREET. NEW YORK CITY 6 
1000 NORTH SEWARD STREET. LOS ANGELES 38, CALIFORNIA 
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